Introduction
============

Colorectal cancer (CRC) is the third most common cancer worldwide, with 1.8 million new cases and 881,000 deaths recorded in 2018 ([@b1-ol-0-0-11617]). CRC is also the second leading cause of cancer-related deaths ([@b1-ol-0-0-11617]). The overall 5-year survival is only 65.2%, and the stage-specific 5-year survival is 93.2 for stage I, 82.5 for stage II, 59.5 for stage III and 8.1% for stage IV in USA ([@b2-ol-0-0-11617]).

Recurrence following resection is a major problem in CRC, which results in poor prognosis, particularly in patients with stage III and high-risk stage II CRC. Currently, cancer prognosis depends mainly on the pathological stage at the time of diagnosis. However, patients with the same Tumor-Node-Metastasis (TNM) stage still have different prognoses ([@b3-ol-0-0-11617]).

In addition to staging prognosis, assessment of clinical biomarkers is an optimal strategy to identify patients with higher risks of recurrence and low survival ([@b4-ol-0-0-11617]). This distinction is helpful for patient management, optimization of current treatment options, and early detection of recurrence ([@b5-ol-0-0-11617]). Studies have reported that the age, sex, tumor location, grade, inflammatory markers and number of involved lymph nodes are prognostic factors of CRC ([@b6-ol-0-0-11617]).

Blood lipid markers are also associated with survival outcomes in patients with certain malignant tumors, including prostate, breast, gastrointestinal, cervical and lung cancers ([@b7-ol-0-0-11617]--[@b11-ol-0-0-11617]). However, the association between blood lipid levels and the prognosis of CRC has not been well studied, and the results of the studies conducted thus far are inconsistent. One study demonstrated that dyslipidemia, including high triglyceride (TG) levels and low high-density lipoprotein (HDL) cholesterol levels, was independently associated with improved overall and recurrence-free survival of patients with colon cancer ([@b12-ol-0-0-11617]). By contrast, a recent prospective study by Peng *et al* ([@b13-ol-0-0-11617]) that involved 1,318 patients with CRC reported that patients with dyslipidemia exhibited a significantly shorter median survival duration compared with those without dyslipidemia. Although patients with stage III and high-risk stage II CRC primarily have a poor prognosis after radical surgery, previous studies did not stratify patients by stage ([@b2-ol-0-0-11617],[@b12-ol-0-0-11617]--[@b16-ol-0-0-11617]). Furthermore, there are limited studies that have investigated the role of apolipoprotein levels in CRC prognosis. Thus, the current study aimed to investigate the association between lipid and lipoprotein levels and the prognosis of patients with stage III and high-risk stage II CRC.

Materials and methods
=====================

### Patient selection

This retrospective study included patients diagnosed with CRC between June 2008 and September 2011 in the Department of Colorectal Surgery of the First Affiliated Hospital of Fujian Medical University in Fujian (Fujian, China). A total of 246 patients (134 male and 112 female) were enrolled in this study. The mean age of the patients was 60.56±13.23 (range, 21--84) years. The patients exhibited no distant metastases or local recurrence and underwent surgical resection. The TNM stages ([@b17-ol-0-0-11617]) of stage III and high-risk stage II CRC were confirmed by pathological examination. Among these patients, 56.8% of patients with right-sided colon cancer and 69.2% of patients with left-sided colon cancer received chemotherapy after surgical resection. Neo-adjuvant chemoradiation was administered to 83.2% of patients with tumors located in the rectal area.

The inclusion criteria were as follows: i) Stage III or high-risk stage II CRC; and ii) complete clinical data, including age, sex, height, weight, history of diabetes mellitus (DM), history of hypertension, smoking status, alcohol intake, cancer site, tumor stage, histological class, differentiation and the levels of carcinoembryonic antigen (CEA), total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), very-low-density lipoprotein cholesterol (VLDL), apolipoprotein-A1 (APO-A1) and apolipoprotein B (APO-B). The exclusion criteria were as follows: i) Treatment with lipid-lowering agents or metformin; ii) presence of infections, serious liver and kidney dysfunction, severe heart disease or other serious illnesses; iii) history of other malignancies; iv) incomplete preoperative laboratory data; or v) use of anti-inflammatory medications before surgery.

Patients with high-risk stage II CRC were defined as those who had poor prognosis with the following characteristics: T4 (stage IIB, IIC), poor histological differentiation (grades 3/4, excluding high microsatellite instability) ([@b18-ol-0-0-11617]), vascular and nerve infiltration, intestinal obstruction, tumor site perforation, positive or unclear margins, inadequate margins and \<12 lymph nodes sent for examination.

The present study was reviewed and approved by the Ethics Committee of The First Affiliated Hospital of Fujian Medical University (Fujian, China), and written informed consent was obtained from all subjects.

### Data collection

Blood levels of CEA, TC, TG, HDL, LDL, VLDL, APO-A1 and APO-B were measured up to 7 days before the surgery using standard methods. Patients were not allowed to consume meals with high-fat content before blood tests to reflect the true level of blood lipids. Data on clinical parameters, including age at CRC diagnosis, sex, height, weight, body mass index (BMI), history of DM, history of hypertension, smoking status, alcohol intake, cancer site, TNM classification, histological type, differentiation status, perineural invasion, vascular tumor thrombus and intestinal obstruction were collected from the medical records. Tumor staging for CRC in this study was based on the 7th edition of the American Joint Committee on Cancer TNM classification ([@b17-ol-0-0-11617]). BMI was classified as underweight (\<18.5 kg/m^2^), normal weight (18.5--23.9 kg/m^2^), overweight (24.0--27.9 kg/m^2^) and obese (≥28 kg/m^2^) according to the diagnostic criteria in China ([@b19-ol-0-0-11617]). Smoking status was defined as smoking ≥10 cigarettes per day at the time of CRC diagnosis. Alcohol intake was defined as the consumption of at least one alcoholic drink per week at the time of CRC diagnosis.

### Follow-up

Follow-up was conducted every 3--6 months for the first 2 years after resection, every 6 months for the next 3 years and annually thereafter. Follow-up procedures included colonoscopy, computed tomography and CEA tests. Local recurrence and distant metastasis from CRC were identified by endoscopy, tissue pathological examination or imaging analysis. The last follow-up was performed on May 1, 2018.

### Statistical analysis

The primary endpoint was disease-free survival (DFS), and the secondary endpoint was overall survival (OS). DFS was defined as the time from the date of surgery to the date of local tumor recurrence and/or distant metastases or the date of the last follow-up. OS was defined as the time from the date of surgery to the date of death or the date of the last follow-up. The optimal cut-off values of TC, TG, HDL, LDL, VLDL, LDL/HDL ratio, APO-A1 and APO-B were determined using the maximal x^2^ method to best classify patients into two prognostic groups: Poor and good. The R MaxStat package (<https://CRAN.R-project.org/package=maxstat>) in R version 3.5.2 software (<https://cran.r-project.org>) was used for this analysis ([@b20-ol-0-0-11617]). The Kaplan-Meier method was used to establish the effect of each variable on DFS, and log-rank tests were used to compare the survival curves. Univariate and multivariate analyses using the Cox proportional hazards model were also performed to identify the prognostic impact of clinical parameters and blood lipid index on DFS and OS. Significant variables in univariate analysis (P\<0.1) were entered into regression models with increasing complexity, and significance was assessed using analysis of variance followed by a Bonferroni post hoc test. Data were represented as hazard ratios (HRs) and 95% confidence intervals (CIs). A predictive nomogram of 1-, 3- and 5-year CRC mortality was established based on clinical and clinicopathological parameters. The variables from Cox multivariate analysis were included in the nomogram analysis. The nomogram was implemented by the regression modeling strategy (RMS) package (<http://biostat.mc.vanderbilt.edu/wiki/Main/RmS>) in R version 3.5.2 software (Institute for Statistics and Mathematics). The concordance index was used to evaluate the predictive accuracy of the nomogram. All statistical analyses were performed using SPSS 19.0 (SPSS, Inc.) and R version 3.5.2 software. P\<0.05 was considered to indicate a statistically significant difference

Results
=======

### Optimal cut-off values of lipid indices by sex

The optimal cut-off values for predicting DFS in men were determined to be as follows: TC, 3.30 mmol/l; TG, 1.53 mmol/l; HDL, 0.98 mmol/l; LDL, 1.91 mmol/l; VLDL, 0.20 mmol/l; LDL/HDL, 2.09; APO-A1, 1.05 g/l; and APO-B, and 0.73 g/l. The optimal cut-off values for predicting DFS in women were as follows: TC, 5.23 mmol/l; TG, 1.58 mmol/l; HDL, 1.18 mmol/l; LDL, 1.91 mmol/l; VLDL, 0.46 mmol/l; LDL/HDL, 1.35 mmol/l; APO-A1, 1.14 g/l; and APO-B, 0.73 g/l ([Figs. 1](#f1-ol-0-0-11617){ref-type="fig"} and [2](#f2-ol-0-0-11617){ref-type="fig"}; [Table I](#tI-ol-0-0-11617){ref-type="table"}). The Kaplan-Meier analysis demonstrated that high TG and APO-B levels were significantly associated with poor DFS time ([Fig. 3](#f3-ol-0-0-11617){ref-type="fig"}; [Table I](#tI-ol-0-0-11617){ref-type="table"}).

### Patient characteristics

A total of 246 patients were included in this study. Of these, 44 (17.9%) had right-sided colon cancer, 65 (26.4%) had left-sided colon cancer, and 137 (55.7%) had rectal cancer. The baseline clinical and laboratory characteristics are listed in [Table II](#tII-ol-0-0-11617){ref-type="table"}. The median follow-up duration was 74 (range, 6--114) months. The median follow-up duration for patients who were alive at the end of this study was 95 months (range, 79--114). At the end of the study, 60 patients (24.4%) had distant metastasis that mainly involved the lungs (43.3%) and the liver (33.3%). Local recurrence occurred in 13 (5.3%) cases.

### Univariate and multivariate survival analysis

Univariate survival analysis was used to study the associations of sex, age at diagnosis, history of DM, history of hypertension, smoking, alcohol intake, BMI, histological type, TNM stage, TG, APO-B, CEA, differentiation, perineural invasion, vascular tumor thrombus and intestinal obstruction with DFS and OS. The results of the univariate analysis demonstrated that TG (men ≥1.53 mmol/l, women ≥1.58 mmol/l), APO-B (≥0.73 mmol/l), TNM stage, tumor location, perineural invasion and poor differentiation were identified as significant prognostic factors for DFS ([Table III](#tIII-ol-0-0-11617){ref-type="table"}). TG, APO-B, TNM stage, tumor location and perineural invasion were identified as significant prognostic factors for OS ([Table III](#tIII-ol-0-0-11617){ref-type="table"}). Variables with P\<0.1 in the univariate Cox regression analysis were used in the multivariate analysis based on forward stepwise selection. CEA and BMI were also analyzed in multivariate analysis ([Table III](#tIII-ol-0-0-11617){ref-type="table"}).

In the multivariate Cox analysis, high TG levels (HR, 1.987; 95% CI, 1.057--3.737), high APO-B levels (HR, 2.920; 95% CI, 1.031--8.276), advanced TNM stage (HR, 3.258; 95% CI, 1.606--6.608) and perineural invasion (HR, 2.891; 95% CI, 1.573--5.312) were identified as independent prognostic factors for DFS in patients with CRC ([Table III](#tIII-ol-0-0-11617){ref-type="table"}). High TG levels (HR, 2.374; 95% CI, 1.318--4.275), high APO-B levels (HR, 2.425; 95% CI, 1.019--5.775), advanced TNM stage (HR, 2.772; 95% CI, 1.485--5.177) and perineural invasion (HR, 2.963; 95% CI, 1.641--5.353) were identified as independent prognostic factors for OS in patients with CRC ([Table III](#tIII-ol-0-0-11617){ref-type="table"}).

### Nomogram

To assess the prognostic values of TG and APO-B for DFS and OS in patients with CRC, nomograms were constructed ([Fig. 4](#f4-ol-0-0-11617){ref-type="fig"}). The variables from Cox multivariate analysis, including TG, APO-B, TNM stage, tumor location, perineural invasion, differentiation, CEA and BMI, were incorporated into the nomograms. The concordance index of the nomogram that included TG and APO-B values were 0.754 for DFS and 0.768 for OS, whereas the concordance index of the nomogram without TG and APO-B values were 0.732 for DFS and 0.726 for OS. These outcomes indicated that the concordance index of the nomogram involving TG and APO-B values may be improved compared with that of the nomogram without these values in predicting the clinical outcomes of CRC patients.

Discussion
==========

In the present study, the effects of blood lipid and apolipoprotein on the prognosis of radical CRC were investigated. The results of the present study demonstrated that high TG and APO-B levels were independent prognostic factors for poor DFS and OS in patients with stage III and high-risk stage II CRC.

To the best of our knowledge, this is the first study to describe the relationship between APO-B levels and CRC prognosis. The patients were into two groups using a cut-off value of 0.73 mmol/l based on the R MaxStat method. Multivariate analysis and the nomogram demonstrated that a baseline high serum APO-B level was a predictor of poor DFS and OS in patients with CRC. APO-B is the main apolipoprotein of chylomicrons, VLDL, intermediate-density lipoprotein and LDL particles ([@b21-ol-0-0-11617]). Thus, it is responsible for transporting fat molecules to all peripheral tissues. APO-B is also the major structural protein for atherogenic APO-B-containing lipoproteins ([@b22-ol-0-0-11617]). The epidemiological evidence for the association between APO-B levels and CRC prognosis has not been confirmed, and the conclusions concerning this association are controversial. Borgquist *et al* ([@b23-ol-0-0-11617]) conducted a prospective cohort study that included 28,098 individuals with an average follow-up of 14.3 years and reported that the levels of APO-B were positively associated with the risk of CRC and lung cancer. Another study with an average follow-up of 15.6 years conducted by Katzke *et al* ([@b24-ol-0-0-11617]) revealed that high levels of circulating APO-B were positively associated with the risk of breast cancer. By contrast, in a study on tumor prognosis, Chen *et al* ([@b25-ol-0-0-11617]) reported that high levels of APO-B were beneficial for the OS of patients with lung cancer. In a retrospective study involving 1,201 patients with gastric cancer, those with high APO-B/APO-A1 ratios had a shorter OS ([@b26-ol-0-0-11617]).

The present study demonstrated that patients with high TG levels (men, ≥1.53 mmol/l; women, ≥1.58 mmol/l) had worse DFS and OS. TGs constitute a part of the lipid profile in the human body and are the major component of chylomicrons and VLDL ([@b27-ol-0-0-11617]). TGs are formed from fatty acids and stored in the adipose tissue, and they are the main form of energy storage and circulation ([@b28-ol-0-0-11617]). TGs are also involved in protein transport and serve as energy sources obtained from dietary fat ([@b27-ol-0-0-11617]). Patients with obesity or DM often present with high TG levels ([@b29-ol-0-0-11617]). In addition, a high TG level is one of the diagnostic criteria for the metabolic syndrome ([@b27-ol-0-0-11617]). Due to the known associations of obesity, DM and the metabolic syndrome with CRC progression, a growing number of studies have focused on the relationship between TG levels and CRC ([@b30-ol-0-0-11617],[@b31-ol-0-0-11617]). A meta-analysis of 16 studies indicated that high levels of TG increased the overall risk of cancer by 20% ([@b32-ol-0-0-11617]). The results of another meta-analysis of 17 studies, which assessed the association between CRC risk and TG levels, demonstrated that high TG levels increased the overall CRC risk by 6%; however, this increase was not statistically significant ([@b33-ol-0-0-11617]). A large prospective study that included 514,097 participants with an average follow-up of 13.4 years indicated that high levels of serum TG were associated with a significant two-fold increase in the risk of colon cancer in men but not in women ([@b34-ol-0-0-11617]).

Epidemiological studies on the association between serum TG levels and cancer prognosis are sparse. Although some studies have assessed the relationship between serum TG levels and prognosis in tumors such as CRC, breast and prostate cancer, the results are inconsistent. In breast cancer, high preoperative serum TG levels were identified as a significant independent predictor of improved DFS ([@b35-ol-0-0-11617]). However, in prostate cancer, patients with high TG levels may be at a higher risk of developing aggressive prostate cancer compared with those with low TG levels ([@b36-ol-0-0-11617]). The association between TG levels and CRC prognosis remains unclear. In a large retrospective study, high TG levels were independently associated with improved OS and recurrence-free survival rates in patients with colon cancer ([@b12-ol-0-0-11617]). In another study, TG levels were not associated with progression-free survival in patients with colon cancer ([@b37-ol-0-0-11617]).

Differences in the study population, follow-up time, endpoints and statistical adjustment for confounding factors may have resulted in the conflicting results in the aforementioned studies. In addition, the blood lipid cut-off points were different among previous studies, and these studies did not exclude patients who were using lipid-lowering drugs. To minimize the impact of confounding factors on outcomes, the present study selected patients with stage III and high-risk stage II CRC who had a higher risk of recurrence compared with other patients with non-metastatic CRC who were followed up for a longer period of time. In addition, the present study eliminated the possible bias that could have been introduced by lipid-lowering drugs by excluding patients receiving these medications. The measurements of blood lipid levels were performed under conditions where patients were not allowed to eat a high-fat diet following hospitalization, which ensured the accuracy of these measurements. Considering that blood lipid composition and metabolism in patients with CRC are different from those in healthy individuals ([@b38-ol-0-0-11617]), the prognostic significance of the established cut-off values was evaluated using a maximal x^2^ method instead of using conventional cut-off values. The maximal x^2^ method can define a subset with the greatest survival difference ([@b39-ol-0-0-11617]). In the present study, the cut-off values of TG and APO-B were lower compared with the conventional cut-off values, which may be due to the influence of cancer on the metabolic indicators and nutritional status of patients. To the best of our knowledge, this is the first time such an approach has been used in a study to determine the prognostic impact of lipid cut-off points in CRC. After controlling for confounding factors, the present study demonstrated that high TG levels were associated with a 9.87% greater fully adjusted risk for cancer recurrence. However, Kaplan-Meier survival curves demonstrated that mortality in the low TG group was high in the first 20 months after surgery. This increase in mortality may be attributable to cardiovascular events. Mortality caused by cardiovascular events tends to increase with the increase in TG levels ([@b40-ol-0-0-11617]), which reduces the proportion of cancer-related deaths in the high TG group. The impaired exercise capacity after surgery has adverse effects on heart function in patients ([@b41-ol-0-0-11617]); therefore, the risk of cardiovascular complications may be higher during the early postoperative period.

The potential mechanisms for the association between hypertriglyceridemia and cancer development are as follows: i) Increased chronic inflammatory response in patients with hypertriglyceridemia can stimulate cancer cell growth ([@b42-ol-0-0-11617]); ii) TG levels are positively associated with fecal bile acids, which have been demonstrated to be cytotoxic; this may cause DNA damage and promote CRC progression ([@b43-ol-0-0-11617]); iii) the results of nutritional studies have demonstrated that a high-fat diet was associated with accelerated tumor growth and metastasis ([@b44-ol-0-0-11617]); and iv) there is experimental evidence that fatty acid synthase, an enzyme that synthesizes fatty acids, affects tumorigenesis ([@b45-ol-0-0-11617],[@b46-ol-0-0-11617]).

BMI is another important metabolic index; the present study reported that patients with an overweight BMI classification had a favorable prognosis compared with that of patients with a normal or obese BMI classification, which was consistent with the results demonstrated in other studies ([@b47-ol-0-0-11617],[@b48-ol-0-0-11617]).

The present study had some limitations, including its retrospective design. In addition, dietary fat intake (as the percentage of total calories) and metabolic changes during follow-up could not be assessed; therefore, the impact of these factors on prognosis were not analyzed in this study. Since the lipid-specific genetic risk score was not analyzed, it was not possible to evaluate the role of genetic factors in the association between lipid levels and CRC prognosis. Lastly, since this was a single-center study with a small sample size, the possibility of selection bias could not be completely eliminated.

In conclusion, TG and APO-B levels at diagnosis may be independent prognostic factors for stage III and high-risk stage II CRC. Adjusting these parameters at diagnosis to appropriate levels may be beneficial to patients with CRC and may also enable physicians to choose appropriate treatment regimens for these patients. The present study makes a significant contribution to the identification of biomarkers that may be used to accurately predict CRC prognosis, and both TG and APO-B levels can be detected through a low-cost, convenient method. Further prospective, multi-center studies are needed to investigate the exact mechanisms of the association between these biomarkers and CRC prognosis and their biological significance.

The abstract of the present study has been previously published as part of a poster presentation at the 23rd Scientific Meeting of the Chinese Diabetes Society held in Xiamen, Fujian Province, China on November 20--23, 2019.

Funding
=======

This study was supported by Grants from The National Natural Science Foundation of China (grant no. 81870572); The Medical Innovation Fund Project of Fujian Province (grant no. 2018-CX-23) and The Education and Scientific Research Projects of Young and Middle-aged Teachers in Fujian Province (grant no. JAT190207).

Availability of data and materials
==================================

All datasets used during the present study are available from the corresponding author on reasonable request.

Authors\' contributions
=======================

LYY, XMS and SJY conceived and designed the study. XQC and PWW obtained and analyzed the data and edited the drafts. PWW and DHL reviewed the results and participated in the discussion of the data. DHL performed the statistical analysis. XQC and XMS wrote the manuscript. All the authors read and approved the final manuscript.

Ethics approval and consent to participate
==========================================

The present study was approved by the Ethics Committee of the First Affiliated Hospital of Fujian Medical University (approval no. MRCTA, ECFAH of FMU \[2019\] 200). Written informed consent for data collection and analysis was obtained from the respective patients.

Patient consent for publication
===============================

Not applicable.

Competing interests
===================

The authors declare that they have no competing interests.

APO-A1

:   apolipoprotein-A1

APO-B

:   apolipoprotein B

BMI

:   body mass index

CI

:   confidence interval

CEA

:   carcinoembryonic antigen

CRC

:   colorectal cancer

DFS

:   disease-free survival

OS

:   overall survival

DM

:   diabetes mellitus

DT

:   differentiation status

HDL

:   high-density lipoprotein

HR

:   hazard ratio

LDL

:   low-density lipoprotein

TC

:   total cholesterol

TG

:   triglyceride

TNM

:   Tumor-Node-Metastasis

VLDL

:   very low-density lipoprotein

![Cut-off value for TG. (A and B) The maximum difference in distant metastasis-free survival was achieved when the TG level was 1.53 mmol/l in (A) men and 1.58 mmol/l in (B) women. TG, triglycerides.](ol-20-01-0705-g00){#f1-ol-0-0-11617}

![Cut-off value for APO-B. (A and B) The maximum difference in distant metastasis-free survival was observed at the APO-B level of 0.73 mmol/l in (A) men and (B) women. APO-B, apolipoprotein B.](ol-20-01-0705-g01){#f2-ol-0-0-11617}

![Kaplan-Meier analysis of the effects of each variable on DFS. (A) The DFS curves of patients with different TG levels. (B) The DFS curves of patients with different APO-B levels. The log-rank test was used to compare survival curves. DFS, disease-free survival; TG, triglycerides; APO-B, apolipoprotein B.](ol-20-01-0705-g02){#f3-ol-0-0-11617}

![Prognostic nomograms for predicting (A) OS and (B) DFS in patients with stage III and high-risk stage II CRC. DT: 0, well/moderate; 1, poor. BMI: 1, \<18.5 kg/m^2^; 2, 18.5--23.9 kg/m^2^; 3, 24.0--27.9 kg/m^2^; 4, ≥28.0 kg/m^2^. CEA: 0, \<5.0 ng/ml 1, ≥5.0 ng/ml. TL: 0, right colon; 1, left colon; 2, rectum. Stage: 2, high-risk TNM stage II; 3, TNM stage III. TG: 0, male \<1.53 mmol/l, female \<1.58 mmol/l; 1, male ≥1.53 mmol/l, female ≥1.58 mmol/l. APO-B: 0, \<0.73 mmol/l; 1, ≥ 0.73 mmol/l. PI: 0, no perineural invasion; 1, perineural invasion. DFS, disease-free status; OS, overall survival; DT, differentiation status; BMI, body mass index; CEA, carcinoembryonic antigen; TL, tumor location; TG, triglyceride; APO-B, apolipoprotein B; PI, perineural invasion.](ol-20-01-0705-g03){#f4-ol-0-0-11617}

###### 

Optimal cut-off values of the lipid indices by sex.

                                            Cut-off          
  -------------- ------------ ------------- --------- ------ -----------------------------------------------------
  TC, mmol/l     3.60--5.69   177 (71.95)   3.3       5.23   0.113
  TG, mmol/l     0.34--1.70   220 (89.43)   1.53      1.58   0.027^[a](#tfn1-ol-0-0-11617){ref-type="table-fn"}^
  HDL, mmol/l    \>1.04       160 (65.04)   0.98      1.18   0.643
  LDL, mmol/l    \<3.64       212 (86.18)   1.91      1.91   0.123
  VLDL, mmol/l   \<0.78       242 (98.37)   0.20      0.46   0.112
  LDL/HDL                                   2.09      1.35   0.544
  APOA1, g/l     1.2--1.6     194 (78.86)   1.05      1.14   0.071
  APO-B, g/l     0.6--1.1     181(73.58)    0.73      0.73   0.036^[a](#tfn1-ol-0-0-11617){ref-type="table-fn"}^

P\<0.05. TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein; APO-A1, apolipoprotein-A1; APO-B, apolipoprotein B.

###### 

Demographic and clinical characteristics of the study population (n=246).

  Characteristics                    Value   \%      Median (min, max)
  ---------------------------------- ------- ------- ----------------------
  Number of patients                 246             
  Age (≥60 years)                    139     56.5    
  Sex (male)                         134     54.5    
  History of DM                      40      16.3    
  History of HP                      61      24.8    
  Smoking                            33      13.4    
  Alcohol intake                     18      7.32    
  BMI, kg/m^2^                                       22.32 (15.78, 46.08)
    \<18.5                           27      11.0    
    18.5--23.9                       138     56.1    
    24.0--27.9                       70      28.5    
    ≥28                              11      4.47    
  Gross classification                               
    Elevated                         73      29.7    
    Ulcerative                       146     59.3    
    Infiltrative                     27      11.0    
  TNM Stage                                          
    High-risk II                     73      29.7    
    III                              173     70.3    
  Vascular tumor thrombus            58      23.6    
  Perineural invasion                28      11.4    
  Differentiation status                             
    Poor                             51      20.7    
    High/moderate                    195     79.3    
  No. of retrieved lymph nodes ≥12   90      36.6    
  Intestinal obstruction             18      7.3     
  TG, mmol/l                                         1.03 (0.39, 4.77)
    Men ≥1.53, women ≥1.58           36      14.6    
  APO-B, mmol/l                                      0.92 (0.4, 1.86)
    APO-B≥0.73                       206     83.7    
  CEA, ng/ml                                         3.92 (0.203, 266.1)
    CEA ≥5.0                         102     41.5    
  Tumor location                                     
    Right-sided colon                44      17.89   
    Left-sided colon                 65      26.42   
    Rectum                           137     55.69   

DM, diabetes mellitus; HP, hypertension; BMI, body mass index; TG, triglyceride; APO-B, apolipoprotein-B; CEA, carcinoembryonic antigen.

###### 

Univariate and multivariate analyses for DFS and OS among patients with colorectal cancer.

                                                                 DFS     OS                                                                                                                                                                                                                                                    
  -------------------------------------------------------------- ------- -------------- ----------------------------------------------------- ------- -------------- ----------------------------------------------------- ------- -------------- ----------------------------------------------------- ------- -------------- -----------------------------------------------------
  Sex (male vs. female)                                          0.772   0.483--1.233   0.279                                                                                                                              0.838   0.536--1.311   0.438                                                                        
  Age (≥60 vs. \<60)                                             0.698   0.441--1.105   0.125                                                                                                                              0.814   0.523--1.267   0.362                                                                        
  DM                                                             1.250   0.698--2.239   0.453                                                                                                                              1.122   0.630--2.000   0.695                                                                        
  Hypertension                                                   0.867   0.704--1.067   0.179                                                                                                                              0.876   0.724--1.060   0.173                                                                        
  Smoking                                                        1.222   0.658--2.269   0.526                                                                                                                              1.159   0.626--2.146   0.638                                                                        
  Alcohol                                                        0.868   0.350--2.152   0.760                                                                                                                              0.829   0.335--2.053   0.686                                                                        
  BMI (≥28.0 vs. 24.0--27.9 vs. 18.5--23.9 vs. \<18.5)           0.997   0.716--1.387   0.985                                                 0.845   0.590--1.210   0.359                                                 0.965   0.700--1.329   0.825                                                 0.791   0.556--1.125   0.192
  TG (male ≥1.53, female ≥1.58 vs. male \<1.53, female \<1.58)   1.825   1.059--3.143   0.030^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^   1.987   1.057--3.737   0.033^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^   2.229   1.351--3.678   0.002                                                 2.374   1.318--4.275   0.004^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^
  APO-B (≥0.73 vs. \<0.73)                                       2.369   1.027--5.461   0.043^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^   2.920   1.031--8.276   0.044^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^   2.282   1.098--4.741   0.027                                                 2.425   1.019--5.775   0.045^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^
  CEA (≥5.0 vs \<5.0)                                            1.170   0.738--1.855   0.505                                                 1.138   0.686--1.889   0.617                                                 1.153   0.740--1.799   0.529                                                 1.117   0.686--1.819   0.655
  Gross classification                                           1.055   0.781--1.426   0.726                                                                                                                              0.824   0.575--1.180   0.291                                                                        
  TNM Stage (III stage vs. high-risk II)                         3.253   1.668--6.342   0.001^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^   3.258   1.606--6.608   0.001^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^   2.454   1.376--4.376   0.002^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^   2.772   1.485--5.177   0.001^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^
  Tumor location (rectum vs. left colon vs. right colon)         1.578   1.120--2.223   0.009^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^   1.329   0.911--1.940   0.140                                                 1.537   1.112--2.125   0.009^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^   1.319   0.924--1.882   0.127
  Vascular tumor thrombus                                        1.243   0.743--2.079   0.408                                                                                                                              1.151   0.697--1.898   0.583                                                                        
  Perineural invasion                                            2.693   1.543--4.699   0.001^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^   2.891   1.573--5.312   0.001^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^   2.811   1.638--4.823   0.001^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^   2.963   1.641--5.353   0.001^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^
  Differentiation status (poor vs. high/moderate)                1.687   1.016--2.801   0.043^[a](#tfn3-ol-0-0-11617){ref-type="table-fn"}^   0.825   0.624--1.091   0.177                                                 0.877   0.681--1.130   0.310                                                 0.801   0.612--1.047   0.105
  No. of retrieved lymph nodes (≥12 vs. \<12)                    1.202   0.752--1.922   0.441                                                                                                                              1.049   0.664--1.659   0.837                                                                        
  Intestinal obstruction                                         1.377   0.631--3.003   0.421                                                                                                                              1.497   0.720--3.112   0.280                                                                        

P\<0.05. DFS, disease-free survival; OS, overall survival; BMI, body mass index; TG, triglyceride; APO-B, apolipoprotein-B; CEA, carcinoembryonic antigen; TNM, Tumor-Node-Metastasis; CI, confidence interval; DM, diabetes mellitus.

[^1]: Contributed equally
